Relative performance evaluation (RPE) in CEO compensation can be used as a commitment device to pay CEOs for their revealed relative talent. We find evidence consistent with the talent-retention hypothesis, using two different approaches. First, we examine the RPE terms in compensation contracts and document features that are consistent with retention motives. Second, using a novel empirical specification for detecting RPE, we find RPE is less prevalent when CEO talent is less transferrable: among specialist CEOs, founder CEOs, and retirement-age CEOs, as well as in industries and states where the market for CEO talent is more restrictive. 
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I. Introduction
Few aspects of CEO compensation have attracted more attention than the use of relative performance evaluation (RPE). 1 Indeed, an influential line of research posits RPE is used to achieve a more informative signal of CEOs' efforts and to reduce CEO exposure to common risk (Holmstrom (1979 (Holmstrom ( , 1982 , Holmstrom and Milgrom (1987) ).
2 By removing the common risk from firm performance, firms can provide the same level of incentives to a risk-averse manager but at a lower cost (Holmstrom (1982) ).
In this study, we investigate another economic rationale for the use of RPE. Our premise is based on Gibbons and Murphy (1990) , who show RPE in CEO compensation can be used as an efficient way to compensate CEOs for their talent. In their setting, firms learn CEO talent from CEO performance relative to peer CEOs and compensate their CEOs according to their relative performance in order to retain their talent. We study the talent-retention hypothesis in two ways. First, we examine the contractual terms of
RPE in CEO compensation and analyze the extent to which they are consistent with talent-retention motives. Second, using an improved empirical specification to detect RPE on a long panel of compensation data of CEOs of US firms, we test whether the transferability of CEO talent relates to a stronger use of RPE in CEO compensation.
The 2006 SEC executive-compensation disclosure rules require US firms to detail the contractual terms that govern CEO compensation. In particular, companies must disclose the type of performance measures they use to evaluate CEO performance and the relation between the level of these measures and CEO compensation. In our sample, about 34% of the firms that grant performance-based awards disclose that they compensate their CEOs based on their performance relative to peers. RPE terms are often part of a long-term incentive plan, which provides rewards to CEOs who stay with the firm for a stated period of time. The performance period itself is usually three years and the CEO cannot receive the award until the end of the performance period. If the CEO leaves the firm beforehand, he or she usually forgoes the award.
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This feature is considered an important mechanism to retain CEO talent (Oyer (2004) ): The firm commits to paying large sums of money provided that the CEO performs well and does not leave the firm.
The evidence regarding the contractual terms indicates RPE could play a role also for talentretention purposes. We find the peers chosen to benchmark CEO performance tend to be the same peer
CEOs who are also used to benchmark CEO compensation. The latter are considered the relevant talent pool of candidates for a CEO position (Bizjak, Lemmon, and Naveen (2008) , Yang (2010, 2013) , Albuquerque, De Franco, and Verdi (2013) ). The high overlap between performance peers and compensation peers suggests firms in general view talent peers-CEOs whom the firm competes for talent-as close substitutes for CEO performance peers. Clearly, talent peers and performance peers should highly overlap also if performance peers are used to eliminate a common shock, because talent peers are usually CEOs who work in firms similar to the firm in question. Interestingly, we find performance peers are not necessarily involved in the same activities as the firm. About a third of all performance peers in our sample do not even belong to the same 2-digit SIC code as the firm.
An implication of the talent-retention hypothesis is that CEOs should be paid based on their talent relative to peers only when CEO talent is easily transferrable. In such cases, CEOs would require a commitment to be paid for their outside opportunities in order to stay with the firm. To the extent that relative performance reveals CEO relative talent and therefore impacts CEO outside opportunities, RPE provides such a commitment mechanism. To test this prediction, we study cross-sectional variations in the presence of RPE in CEO compensation across a large panel of firms between 1992 and 2017.
We find that as CEO talent becomes less transferrable, firms rely less on RPE in CEO compensation. We use five different proxies to capture the transferability of CEO talent: (i) whether CEO talent is general enough for CEOs to easily transfer their talent across firms (Custódio, Ferreira, and Matos (2013) ); (ii) whether the CEO is also the founder of the firm, because the founder is likely to have strong firm-specific talent that cannot be easily transferred to other firms; (iii) whether the CEO is around retirement age, because CEOs around retirement age are likely to retire due to social norms (Jenter and Lewellen (2015) ) and thus are less likely to move to other firms; (iv) whether firms in the industry tend to promote insiders as their new CEOs (Cremers and Grinstein (2014) ); and (v) whether the state in which the firm is headquartered enforces non-compete clauses that restrict managers from leaving their firms for competitors (Garmaise (2011)) . Overall, our evidence shows that when CEO talent is less transferrable, firms tend to rely less on RPE, consistent with the talent-retention hypothesis.
To improve the accuracy of our tests, we embed several of the features observed in the contract in the empirical model. First, we construct peer groups using the ExecuComp sample rather than the full
Compustat sample, and thus use only the set of the largest firms in the US. As Albuquerque (2009) shows, studying peers that are similar in size to the firm increases the accuracy of RPE tests. 3 Second, we measure the performance of each firm over three years, because this period is the performance term observed in the contracts. We also aim to capture the features of the observed pay-performance relation. Specifically, we embed the rank-based features of RPE found in the contracts. We find our refined specification improves the fit of the regression. Such specification differs from those used in past studies, which assume a loglinear relation between CEO compensation and the distance between CEO performance and that of peers. 4 Clearly, misspecification of the empirical model is bound to exist even if we embed non-linearities of the common contractual terms, because we cannot observe the terms for each firm. To ensure our results are not driven by one particular econometric model, we run the regressions in both their rank-based and distance-based forms and find similar patterns.
This study contributes to the literature in several ways. Our primary contribution is to shed new light on an under-explored role of RPE in CEO compensation. In that sense, our paper answers the recent call made in Edmans, Gabaix, and Jenter (2017) for more work that analyzes the importance of other explanations beyond moral hazard for observed CEO compensation contracts. We further argue that analyzing the talent-retention motive is important because the prevalent approach in the literature is to focus 3 Past studies find mixed evidence on the presence of RPE. For example, Gibbons and Murphy (1990) find some support for the use of RPE in CEO compensation in a sample of large firms in the 1970s and 1980s, but Aggarwal and Samwick (1999a) find little support for the presence of RPE in a sample of large US firms in the 1990s. 4 See, e.g., Gibbons and Murphy (1990) , Aggarwal and Samwick (1999b) , Bertrand and Mullainathan (2001) , Garvey and Milbourn (2003) , Rajgopal, Shevlin, and Zamora (2006) , Gopalan, Milbourn, and Song (2010), and Vrettos (2013) .
on the predictions from the standard agency models to study RPE practices and infer their relative optimality.
Second, our evidence suggests labor-market motives play a role in the design of CEO compensation contracts. The talent-retention hypothesis has cross-sectional implications for when RPE is useful and when it is not: These implications can help future research connect RPE either to good governance or to optimal contracting. It thus extends the literature that studies the possibility that performance-based compensation is used to retain talent. For example, Murphy (1986) studies the properties and implications of multiperiod managerial contracts under two alternative hypotheses: incentives and talent-learning. His findings yield mixed results that generally support the talent-learning hypothesis over the incentive hypothesis. However, Murphy (1986) does not study RPE. Oyer (2004) argues that when outside opportunities for rank-and-file employees are correlated with firm value, compensating employees with options commits firms to meeting employees' future outside opportunities. An important assumption in Oyer's model is that firms cannot condition payment directly on outside opportunities, only on firm's stock price. Oyer's restrictive assumption is arguably more relevant to cases of lower-ranked employees, but is less relevant to CEOs.
The reason is that, empirically, firms do use peer firms' compensation to determine CEOs' outside opportunities (e.g., Bizjak, Lemon, and Naveen (2008) ). We argue that once we allow firms to condition CEO compensation on outside opportunities, and once firm performance relative to peers is positively correlated with outside opportunities, the optimal compensation contract does include RPE. RPE allows the firm to tie compensation to fluctuations in CEO reservation wage because the latter depends on CEO talent relative to peers.
Our hypothesis and our results stand in contrast to those of Rajgopal, Shevlin, and Zamora (2006) , who test Oyer's predictions. Rajgopal et al. (2006) find a negative correlation between firm performance and future use of RPE. They interpret good past performance as a measure of transferability of CEO talent, and they conclude firms do not use RPE to retain talent. We reach the opposite conclusion. Unlike their study, we interpret past performance as a measure of the talent of the CEO compared to others, which, in turn, determines the level of CEO compensation. We use other, more established measures of transferability of CEO talent when testing our hypothesis.
Finally, this study complements previous studies examining the contractual terms in executive compensation. Using disclosed contractual terms, Gong, Li, and Shin (2011), De Angelis and Grinstein (2011) and Bettis, Bizjak, Coles, and Young (2014) document the use of RPE in US firms. Using survey data, Murphy (1999) examines the contractual terms of US annual bonus plans. He documents that RPE tends to be rank based. This result is also found in UK equity grants (Carter, Ittner, and Zechman (2009) ).
Our main innovation relative to these studies is to relate the contractual features associated with RPE with the talent-retention motive, in order to shed new light on the motivation for RPE.
II. How Is RPE Incorporated in CEO Compensation Contracts?
We start our analysis by documenting how RPE is incorporated in CEO compensation contracts.
Our goal is threefold. First, we wish to document the exact terms of the contract. Second, we wish to use the information found in the contract to better design the empirical model in our regression analysis in section III. Studies assume, in general, a log-linear relation between performance and compensation and a one-year performance horizon. We show the accuracy of the regression model can be improved by incorporating some of the features in the contract. Third, we wish to examine whether the contractual terms can be explained by the talent-retention hypothesis.
In the past, public US firms were not required to fully disclose the contractual terms that govern CEO compensation. However, in December 2006, the SEC issued new disclosure requirements concerning CEO compensation. With this new information, we can identify how firms employ RPE. We read the proxy statements of all S&P 500 firms as of December 2007 and summarize the way RPE is implemented in the compensation contracts. 5 We collect information such as how relative performance is measured, the form of the pay-performance relation, the duration over which performance is evaluated, the form of compensation for meeting the performance goals, and so on. Our sample consists of 494 firms. 6 We use the Firms in the sample can grant both performance-based and non-performance-based awards.
Performance-based awards are paid conditional on achieving a specified performance goal, whereas nonperformance-based awards are granted to the CEO at the discretion of the board. For the performance-based awards, firms disclose the amount likely to be paid in the future (referred to as "target payment"). This value is the amount expensed by the company in its financial statements. If the payment is in the form of equity, the amount expensed is evaluated using the grant-date fair value of the equity awards. In our sample, 90% of the firms grant some type of performance-based award in 2007. The average value of the award is $4.8 million.
We summarize the findings regarding the implementation of RPE in Gong et al. (2011) and Bettis et al. (2014) , we find the use of RPE tends to be concentrated in equity awards: 56% of RPE firms tend to use RPE solely in equity awards, 32% solely in non-equity awards, and 12% in both equity and non-equity awards (not reported).
We are particularly concerned with whether the contractual terms are held once the performance is realized. We therefore examine the actual compensation that the CEO receives in the years 2008-2009 for a subsample of the firms to ensure the CEO receives compensation according to the RPE terms. In general,
we find complete compliance with the terms of the contract, though we note that departures from full compliance could occur since firms might have discretion on how exactly they define performance, especially accounting-based performance.
We note that although all firms declaring use of RPE indeed provide compensation based on RPE, other firms may rely on RPE without disclosing the use of RPE in the contract, because the firm in question ties RPE to a discretionary part of the compensation. We do not capture these firms in our current analysis, because we can only rely on the explicit RPE relation in the contract. To address this concern, in Section III, we test the relation between CEOs' entire realized compensation, using a panel regression analysis.
Firms in our sample measure CEO performance relative to peers in two different ways. One way is measuring the distance between CEO performance and the average performance of peers. The larger the distance between CEO performance and that of peers, the higher the compensation (see the example of Murphy Oil 2008 proxy statement). About 14% of the firms that report RPE rely on the distance measure.
The other way by which CEO performance relative to peers is measured is ranking CEO performance relative to peers; the contract maps the rank of CEO performance into a level of compensation, and the closer the CEO is to the top of the performance distribution among a set of peers, the higher the compensation. When compensation is given in the form of shares, the value to the CEO is not only determined by the relative ranking, but also by the actual value of his shares. Panel B shows the vast majority of the RPE contracts (88% of the sample) are based on the rank of the performance. Only a few firms use both distance-based and rank-based RPE (2% of the sample).
In general, firms choose to tie different measures of firm performance to peer performance. Panel C shows the most common performance measure used in RPE is market based (i.e., stock price performance compared to index returns, or stock price performance compared to that of a peer group). We observe that 75% of RPE users associate RPE with market-based measures, whereas only 36% associate it with accounting-based measures. 8 These numbers do not add up to 1, because some firms employ both marketbased and accounting-based performance measures. This finding is consistent with Carter et al. (2009) and Gong et al. (2011) , who find most RPE users employ total shareholder returns (TSR) as their measure of performance.
Panel C of statements, firms provide the performance horizon by which they examine CEO performance against that of peers. We find that, on average, the performance horizon associated with RPE is 2.6 years. The most common performance horizon associated with RPE is three years (63% of RPE users). The CEO cannot receive the award until the end of the performance period, and if the CEO leaves the company beforehand, he or she usually forgoes the award. 9 We note that such a long vesting requirement is considered an important mechanism to retain CEO talent (Oyer 2004) : To retain the CEO, the firm commits to paying large sums of money provided the CEO performs well and does not leave the firm.
We find that across all firms, the functional relation between RPE and compensation is about the same. Across all contracts, the CEO receives no performance compensation if not achieving a threshold performance relative to peers. Then, once the threshold is achieved, the CEO receives a minimum amount.
This amount increases monotonically as CEO performance relative to peers increases. Finally, at some performance threshold, a cap exists, above which CEO compensation is not going to increase if the maximum performance is met. Firms also report target performance, which falls between the minimumperformance threshold and the maximum-performance cap. The target performance is the expected performance of the CEO.
Because most contracts are based on the rank of the CEO relative to peers, the minimumperformance threshold, the target performance, and the maximum-performance cap are given in the form of a rank. For example, a CEO can start receiving awards if performance is higher than the 10 th percentile of the peer performance distribution, and awards will increase if performance ranking is higher, until reaching the performance that is in the 90 th percentile of peer performance. A higher performance ranking will not provide the CEO with more compensation.
Firms that use RPE define peer groups against which to benchmark CEO performance. We investigate the identity of the peers used in RPE. We analyze the peers on several dimensions. First, we examine the extent to which firms use peer groups or indexes such as industry indexes or market indexes against which to benchmark CEO performance. Second, we examine the overlap between the characteristics of the firm and the characteristics of the peers. We compare size, industry distribution, and stock return correlation. We also compare the characteristics of the RPE peers against the characteristics of the compensation peers (i.e., peers against which the firm benchmarks CEO compensation). Our goal is to examine the extent to which the choice of peers can be explained also by the talent-retention hypothesis. Table 2 Panel A shows the comparison. Panel A shows the majority of the firms in the sample (64%) benchmark RPE against a performance peer group, rather than an industry index or a market index.
This result suggests most firms are consciously choosing RPE peer firms rather than relying on existing industry indexes.
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[Insert Table 2 here]
Panel B shows the overlap between compensation peers and RPE peers in our sample.
Compensation peers are peers against which the company benchmarks the compensation of the CEO, and they are considered peers against which the firm benchmark CEO talent (e.g., Bizjak, Lemmon, and Naveen (2008)). The table shows the number of performance peers is somewhat smaller than the number of compensation peers. On average, the number of performance peers is about 17, whereas the number of compensation peers is about 22. The table also shows performance peers tend to be a subset of the compensation peers. The fraction of overlapping peers among performance peers (# Same Peers /# Performance Peers) has a median of 95.65%. Panel C shows these statistics are relatively stable across the years. Table 3 we find only about half of the performance peers (53%) are within the same TNIC as the firm.
Panel C reports the percentage of peers that have high stock return correlation with the firm. The correlations are computed using the 36 monthly stock returns preceding the fiscal-year-end date. We require at least 24 months of stock return data. We compute these pairwise correlations between each firm in the sample and each potential peer (i.e., all sample firms). We then rank the potential peers according to these correlations for each firm and identify whether the potential peers are indeed selected as performance or compensation peers. To compute the fraction of peer firms that have the highest stock return correlation with the firm, we divide the number of peers that are ranked among X# firms by X. However, in cases where X is larger than the total number of peers, we use the total number of peers as the denominator.
On average, only about 21% of the compensation peers are ranked among the top 10 in terms of stock return correlation. This number increases to only 26% for the performance peer group. Only slightly more than half of the performance peers are in the top 100 firms (54%).
[Insert Table 3 here]
A. Discussion
Overall, several features of the RPE contract are common across firms. First, firms benchmark CEO performance to peers by compensating the CEO based on the ranking of CEO performance relative to the performance of the peer group rather than based on the difference between CEO performance and average index performance. Second, a strong overlap exists between performance peers and compensation peers.
The latter are considered the relevant talent pool against which to evaluate the CEO. Third, RPE is done, in general, over a three-year period, payments are usually vested, and the CEO forgoes the compensation if the CEO leaves the company before the awards vest.
The above features tend to support the talent-retention hypothesis. Under this hypothesis, the performance of the CEO should be benchmarked against peer CEOs who belong to the same talent group, and CEO compensation should be based on their ranked-performance relative to peers. Moreover, CEO compensation should depend on the CEO not leaving the firm.
We note that some of the above contractual terms can also be consistent with the agency theory.
To the extent that talent pools overlap with industry pools, we should perhaps observe a correlation between the two even under the agency explanation. Three-year performance terms could also provide a more accurate signal for CEO effort than one-year performance terms. In fact, the two theories are not mutually exclusive, and RPE might play both roles. To test more carefully whether RPE is used to retain talent, we resort to the panel regression analysis in the next section.
III. Panel Regression Analysis
In this section, we test the talent-retention hypothesis on a large panel of CEO compensation data.
Our purpose is twofold. First, we revisit the empirical specification to detect RPE, given the evidence regarding the functional form of RPE in the compensation contract. Second, we test the predictions under the talent-retention hypothesis.
Regression-based analysis may seem unnecessary when contracts are available to us. Nevertheless, several reasons motivate the use of a regression analysis using realized compensation. First, CEO performance compensation has two components: predetermined awards and discretionary awards.
Although we observe the terms of the predetermined awards, we do not observe the terms under the discretionary awards. De Angelis and Grinstein (2015) show discretionary awards are, on average, about half of total CEO compensation. Ignoring the discretionary component would lead to an incomplete view of the role of RPE in compensation policies. Second, we do not observe the contractual terms of CEO compensation before 2006. 10 A regression model allows us to examine compensation patterns even when the contractual terms are not observable. Third, the vast majority of empirical work on executive compensation relies on regression models. To compare our findings with previous studies, analyzing RPE with a methodology similar to that used in prior studies is useful.
A. Database Construction
10 We do not know how often and how exactly RPE was used before the 2006 disclosure rules. Because firms were not required before 2006 to fully disclose how they tie compensation to performance, information on the relation between the two is relatively scarce. Murphy (1999) examines data extracted from Towers Perrin's Annual Incentive Plan Design Survey from 1997 and finds about 29% of the firms in his sample use RPE-the majority of which use rank-based performance to determine the award. Bettis, Bizjak, Coles, and Kalpathy (2010) examine performancecontingent equity grant awards between 1995 and 2001 and find only 23% of the firms in their sample disclose performance-vested provisions in equity grants. The majority of these firms disclose such provisions only once between 1995 and 2001.
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We retrieve the entire ExecuComp database from fiscal year 1992 to 2017. The ExecuComp database contains compensation information for top executives in firms that belong to S&P 500, MidCap 400, and SmallCap 600 indexes. The database also includes firms that previously belonged to these indexes but have been removed.
We use CEO total direct compensation (variable TDC1 from ExecuComp) as our main measure of the annual compensation that the CEO receives in a given year. TDC1 includes the salary, bonuses, value of stock awards, Black-Scholes value of option awards, as well as other awards given to the CEO in a given year. We follow the literature and use the natural log of compensation as our dependent variable to account for the skewness in the compensation distribution.
We captures the ex-ante target compensation of the grants rather than realized compensation based on relative performance. Because we are interested in capturing the extent to which realized compensation relates to relative performance (to gauge the reliance on RPE), we adjust the TDC1 variable in the post-disclosure period to better match with the data prior to 2006. Specifically, we subtract the grant-date fair value of stock awarded under plan-based awards (STOCK_AWARDS_FV) and add the value of restricted shares that vested during the fiscal year (SHRS_VEST_VAL). Effectively, we substitute the ex-ante value of the restricted stock awards with the ex-post realized value of the restricted stock awards. We note this adjustment is not perfect, because shares given to CEOs under performance-based stock plans could be non-vested too. Unfortunately, given the data limitation in the ExecuComp database and the way firms report compensation after 2006, we were not able to find a way to calculate the amount of non-vested and vested shares the CEO has received each year in the post-disclosure-rules period. To ensure our results are not driven by misevaluations of the awards in the post-disclosure period, we perform the tests also on the subset of the panel under the previous disclosure regime (i.e., ExecuComp data item OLD_DATAFMT_FLAG equals 1).
For performance measures, we use the one-year total shareholder return (TSR), the annualized three-year TSR, and the return on assets (ROA), which is the annual net income of the firm divided by the total assets. 11 We include the natural log of total assets to control for size and the natural log of CEO tenure to measure CEO tenure. Except indicator and CDF measure variables, all variables are winsorized at 1% in both tails in order to mitigate the potential effects of outliers. Assets and compensation variables are adjusted for inflation and are expressed in 1992 dollars. We restrict our sample to firms in which CEO tenure is greater than or equal to one year, to ensure we do not capture compensation to CEOs who entered the firm after the beginning of the fiscal year. We also only keep firms for which we have the one-year TSR, ROA, and total assets information. Because we are interested in studying how firm relative performance affects compensation, we also require that at least another firm exists in the same 2-digit SIC code for that year in the ExecuComp database with non-missing TSR and TSR (3 years) variables. Our full sample consists of 38,177 firm-year CEO compensation observations. Table 4 shows summary statistics for our sample firms. Panel A reports the statistics for the predisclosure-rules period, and Panel B reports them for our full sample period. In the full sample period, the median log compensation is 7.571, which corresponds to total compensation of $1.94 million in 1992 dollars. The 25 th percentile of the distribution of the log compensation corresponds to $0.96 million and the 75 th percentile corresponds to $4.01 million. The median annual TSR for a firm is 10.5% and the median annualized three-year TSR is 9.6%. The log size of the median firm is 7.207, which corresponds to $1.35 billion in 1992 dollars.
[Insert Table 4 here]
B. Empirical Specification
Studies that test the use of RPE in CEO compensation tend to adopt a standard log-linear empirical regression specification similar to the following (e.g., Gibbon and Murphy (1990) Performance variables are measured on an annual basis, and industry is defined at the 2-digit SIC code level. TSR_1_YEAR_IND.jt is the equal-weighted average TSR of firms that belong to the same industry, excluding firm i. Also included are CEO-firm fixed effects, ηik, and year fixed effects, ϑt,, to control for unobserved heterogeneity across CEO-firm pair match and over the years.
Using this specification, the literature tests whether, on average, CEO compensation is paid based on RPE. Holding firm performance constant, a negative coefficient of the industry return, a1, would suggest CEO compensation increases as industry performance decreases and would be consistent with the presence of RPE in a distance-based fashion.
Because RPE terms are observable, we offer several adjustments to the standard log-linear specification that fit better with the observed RPE terms. First, we rely on the literature that has refined the definition of industry peers when the information on peers is unavailable. Albuquerque (2009) shows peer firms tend to come from the same industry and same size cohort. Therefore, she relies in her empirical specification on industry peers that belong to the same size cohort as the firm and shows that this choice improves the accuracy of the test. Indeed, consistent with Albuquerque, Table 3 shows peers in our sample are chosen from the same size cohort as the firm. To incorporate this relative-peer-size argument, we use the ExecuComp sample to construct peers rather than the full Compustat sample. We expect the ExecuComp universe to be more representative of the actual peer groups than the Compustat universe because it includes the largest firms in the US. We further confine ourselves to peers that belong to the same 2-digit SIC code as the firm.
Second, we measure performance return over a three-year period rather than a one-year period because contractual terms show the majority of the RPE terms rely on a three-year performance period and on stock returns.
Third, we offer a refinement on how to measure RPE. Relative performance is measured in the contracts as the rank-based performance of the CEO relative to peers. So, a CEO who is in the 90 th percentile of peer performance will receive a larger compensation than a CEO who is in the 80 th percentile of peer performance. Rank-based performance is in contrast to the standard specification, which measures relative performance as the difference between firm performance and average industry performance. To capture the performance rank of the CEO, we measure the rank percentile of CEO performance relative to industry peers. Specifically, we create a CDF (or cumulative distribution function) measure of CEO performance, which we define as follows: CDF= (# firms in the industry j -performance rank of firm i within industry j + 1)/(# firms in the industry j), where the top performance rank equals 1 (and thus the CDF of firm i equals 1 too). Hence, a higher CDF indicates a higher rank performance of firm i in industry j. We summarize our refined specification as follows:
(2) LOG_TDCijkt= b0 + b1 CDF(TSRijt 3_YEARS) + b2 TSR_3_YEARSit + b3 ROAit + b4 LOG_ATit + b5 LOG_CEO_TENUREit + ηik + ϑt + εit.
Under equation (2), RPE is captured by performance relative to peers (CDF(TSR_3_YEARSijt)). If CEO compensation exhibits RPE then, holding TSR_3_YEARSijt constant, a CEO should receive more compensation if his ranked performance (CDF(TSR_3_YEARSijt)) is larger. Thus, a positive coefficient on CDF(TSR_3_YEARSijt), b1, will be consistent with the use of RPE in CEO compensation.
Note that although we expect these refinements to improve the accuracy of our tests, the resulting regressions are likely to still exhibit misspecification. For example, we might have misspecification in the choice of peers because we cannot observe the actual peers that the firm chooses. We also relate (log) CEO compensation to rank performance, yet for some firms, compensation for ranked performance is given in the form of shares, and the value of these shares is determined also by the stock price. Unfortunately, we cannot account for such misspecifications, because we cannot observe the actual contracts. To ensure our results are not an artifact of a unique empirical specification, we also study alternative empirical specifications. We first propose to capture the functional form observed in the contract, using a more refined non-linear model. For instance, we cap the distribution at the 75 th percentile and at the 25 th percentile. (i.e., if the CDF is lower than 0.25, we replace the CDF with 0, and if the CDF is higher than 0.75, we replace the CDF with 0.75). Second, we run median regressions to further account for potential nonlinearities.
Finally, we modify industry classification to 3-digit and 4-digit SIC code classification rather than the 2-digit SIC code. In all these specifications, we find consistent evidence of the presence of RPE in CEO compensation.
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C. Testing the Presence of RPE in CEO Compensation
We start with the linear specification (1), in which our horizon for CEO performance is one year, as is the case in the literature. Table 5 Column 1 shows log compensation is positively related to the firm's stock return and accounting return. The coefficient of the industry return is negative and significant, consistent with Albuquerque (2009) , and supports the presence of RPE in the pre-disclosure rules period.
The results are statistically weaker when we consider the full sample period (column 3).
[Insert Table 5 here] Columns 2 and 4 show the regression result of the specification where we replace the industry performance with the cumulative return distribution relative to peers (CDF). As before, the coefficients of the TSR and the ROA are positive and significant. The CDF coefficient (percentile rank of the CEO performance relative to the industry) is significant and in a direction consistent with the use of RPE.
We also note the three-year performance regression along with the use of a CDF-based model fits the data better than the traditional empirical model. The within R-squared of the CDF-based model is 18.6%
when we study the pre-disclosure-rules period and 21.7% when we study the full sample period, whereas it 12 These results are not reported but are available upon request.
is 16.1% and 19.0%, respectively, for the traditional empirical specification. The absolute increase is 2.5% and 2.7%, respectively, which translates into a relative increase of about 15.5% and 14.2%, respectively.
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Overall, we find a three-year performance horizon and a CDF-based model fits the data better than the standard regression (1) that uses a one-year performance horizon and a distance-based RPE specification. This result is consistent with the patterns that we find in the actual compensation contracts.
We therefore use our refined regression (2) (specification 6 in the table) in subsequent analysis. However, for robustness purposes, we also study the distance-based RPE version of this specification.
D. RPE in CEO Compensation and Transferability of CEO Talent
With the improved specification discussed in the previous section, we test in this section the crosssectional implications of the talent-retention hypothesis. According to the hypothesis, firms will use RPE in compensation contracts to pay CEOs for their outside opportunities. A natural implication is that these outside opportunities will be relevant when CEO talent is more easily transferable and/or where leaving the firm is less costly for the CEO. In such cases, the threat of the CEO leaving the firm is higher and the firm will try to prevent such situation by conditioning payment on relative performance. Similarly, if the CEO underperforms, the firm will find it optimal to reduce CEO compensation because of the outside opportunity to bring a new CEO. However, when CEO talent is not transferrable, the firm and the CEO will have less need to tie the compensation to that of peer CEOs.
To test this prediction, we study cross-sectional variations in the presence of RPE in CEO compensation, and, in particular, whether firms rely less on RPE when CEO talent is less easily transferable.
To capture the transferability of CEO talent, we use several different measures. We divide them into measures that are based on CEO characteristics (Table 6 ) and on measures that are based on industry and state characteristics (Table 7 ).
Evidence from CEO Characteristics
Our first cross-sectional test relies on a measure proposed by Custódio et al. (2013) and aims to identify whether a CEO tends to be a specialist or a generalist. Because specialist CEOs are likely to be less responsive to outside opportunities due to less transferable talents, we expect these CEOs to not be compensated based on RPE. Custódio et al. (2013) build a generalist index based on the past occupation of the CEO. We classify CEOs as specialists in two ways: First, we define them as specialists if their annual generalist index is below the median of the distribution of this measure in our sample (columns 1 and 2 in Table 6 ) and second, if their index is in the first quartile of the distribution (columns 3 and 4).
Our second test relies on a dummy variable indicating whether the CEO is a founder (columns 5 and 6). We retrieve the founding year of the company from the MSCI GMI ratings database, formerly known as Corporate Library. 14 In addition to capturing firm-specific skills, this measure also captures agentspecific costs to leaving the company, as a result of the loss of utility derived by running the firm one has founded. We therefore expect outside opportunities to be less relevant to founder-CEO firms, and thus these firms should rely less on RPE.
Our third test relies on whether the CEO is around retirement age (columns 7 and 8). As documented in Jenter and Lewellen (2015) , the propensity of CEOs to leave the firm spikes significantly at around age 65. This phenomenon is likely to capture CEO retirement preferences and is often attributed to social norms in the labor literature. CEOs who plan to retire are likely to be less responsive to outside opportunities and, hence, under the talent-retention hypothesis, we expect the reliance on RPE to be lower for these CEOs. Following Jenter and Lewellen (2015), we define CEOs around retirement age as those of ages 64 to 66 inclusive.
14 The founding year used by the MSCI GMI ratings database takes into account also the years in which the firm was private. Some studies approximate the founding year with the year the firm went public (this represents the IPO year for most firms). See, e.g., Bebchuk, Cremers, and Peyer (2011) . Using this measure, the sign of the interacted coefficient of interest is consistent with our results; however, its magnitude and significance are lower. The decrease in significance might be explained by noise created by potential measurement errors of the founding year. For instance, in the case of a CEO that became CEO at the IPO, this measure would classify her as a Founder-CEO even though she was not a Founder-CEO.
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Supporting the talent-retention hypothesis, we find the coefficient of CDF(TSR_3_YEARS)* LOWER_TRANSFERABILITY is negative in all eight specifications and significant at the 5% level in six out of the eight specifications. 15 The economic magnitude of our findings is important. Whereas we observe a positive and significant sensitivity of CEO compensation to rank performance (i.e., the coefficient of CDF(TSR_3_YEARS) is positive and significant across all specifications), this sensitivity is close to 0 or even negative when CEO talent transferability is lower (i.e., the sum of the coefficient of CDF(TSR_3_YEARS) and the coefficient CDF(TSR_3_YEARS)* LOWER_TRANSFERABILITY is close to 0 or even negative). In other words, our findings indicate that, in general, firms tend to rely on RPE in CEO compensation but that RPE is not present when CEO talent transferability is lower, consistent with the talent-retention hypothesis.
Evidence from Industry and State Characteristics
In a similar vein to our first test above but using an industry-level measure, we study the extent to which CEO talent in the industry tends to be firm specific (columns 1 and 2 in Table 7 ). Specifically, we use the measure proposed by Cremers and Grinstein (2014) , which is the percentage of new CEOs, in a given industry, who have been promoted within the firm rather than hired from outside. These data are obtained from Cremers and Grinstein (2014) for the Fama and French 48-industry classification. We classify industries in the top quartile of the distribution of this measure as industries with more firm-specific talent, and under the talent-retention hypothesis, we expect less use of RPE in these industries.
Our last measure is based on the enforceability of non-compete clauses that restrict managers from joining a competing firm. According to the talent-retention hypothesis, RPE should be less prevalent when these clauses are more enforceable, because they restrict the transferability of CEO talent to other firms. To measure the enforceability of non-compete clauses, we borrow the state-level index proposed in Garmaise (2011). Garmaise builds an enforceability index across states and finds enforceability is associated with lower executive compensation. We classify firms as having stronger enforceability of non-compete clauses when their state-level index is above the median (columns 3 and 4).
[Insert Table 7 here]
Columns 1 and 2 show firms in industries with a high ratio of insider CEOs have considerably less RPE. We do not find firms in states with higher enforceability of non-compete clauses tend to exhibit less sensitivity of compensation to rank performance (columns 3 and 4). We suspect the non-significance is due to industry composition: California notably has an index of 1; that is, non-compete clauses are not enforced, so in California, we would expect more reliance on RPE. However, firms in California tend to be high-tech firms with high firm-specific talent. In this case, we expect less reliance on RPE. To capture both effects, we create a dummy variable that captures firms that are both in insider industries and in high-enforcement states. Under the talent-retention hypothesis, we expect little RPE in these firms, because firm-specific talent is high and firms can use the non-compete clause to retain their CEO. We find evidence consistent with this prediction (see results in columns 5 and 6).
Overall, the results in this section show firms tend to rely less on RPE in cases in which CEO talent is more firm specific, and when leaving the firm for another company is costlier. Hence, our findings are consistent with the notion that the transferability of CEO talent is an important driver in the decision to use RPE in CEO compensation, supporting the talent-retention hypothesis.
E. Additional Analysis
As mentioned earlier, the TDC1 variable in the post-disclosure-rules period had to be adjusted because it does not capture well CEO compensation based on relative performance. To ensure the results are not driven by errors in the valuation of the awards in the post-disclosure-rules period, we study separately firms under the previous disclosure regime. Specifically, we repeat all the tests over the predisclosure-rules period (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) . Our results tend to be consistent with the results over the entire period . Hence, our findings indicate our cross-sectional analysis is unlikely to be driven by 22 compensation practices in recent years and in particular by the emergence of performance-based awards, and potential misevaluations of these awards (e.g., Li and Wang (2016) , Bettis, Bizjak, Coles, and Kalpathy (2018) ). They also support the argument that the use of RPE is not a recent-period phenomenon but exists in the sample across all periods. These findings support Murphy (1999) , who documents the use of rankbased RPE in bonus plans already in 1997.
We also rerun our regressions, but this time using a distance-based RPE specification as used in the existing literature. Although we expect a weaker fit of this regression with the data, we test whether the results using this specification show patterns similar to the results with our specification using the CDF measure. Specifically, we replicate the tests from Tables 6 and 7 respectively, but we substitute Tables 8 and 9 . We expect a negative coefficient on the industry return, consistent with the presence of RPE, and a positive coefficient on the industry return interaction term with measures used for lower transferability of CEO talent, indicating less reliance on RPE. We find the coefficient for TSR_3_YEARS_IND is indeed negative in general (mostly in the pre-disclosure-rules period), but it is not statistically significant. Consistent with the talentretention hypothesis, the interaction term of the transferability of CEO talent with industry return is positive in general, although it is marginally statistically significant in only four of all the specifications. We conclude the distance-based RPE specification shows patterns similar to the rank-based RPE specification (i.e., a lower use of RPE in CEO compensation when the CEO talent is less transferable), except that it is less statistically significant.
TSR_3_YEARS_IND. for CDF(TSR_3_YEARS). We show the results in
[Insert Table 8 and Table 9 here]
IV. Conclusion
We study the rationale that RPE in the CEO compensation contract is used to retain CEO talent and find several observed features of the contract are consistent with the talent-retention hypothesis. Overall, our findings support the notion that talent-retention and labor-market considerations influence the use of RPE. Our results call for more theoretical work that embeds labor-market considerations in an incomplete contract framework to help understand economic rationale for the use of RPE.
The notion that performance-based compensation could have a role in retaining talent is not new.
For example, Oyer (2004) argues option compensation to rank-and-file employees is used to retain them rather than motivate them to increase productivity. An important assumption in his model is that firms cannot condition payment on employees' outside opportunities, only on firms' stock price. Therefore, his setting does not allow RPE. We argue Oyer's assumption is more relevant to cases of lower-ranked employees, but is less relevant to CEOs, since firms do condition CEO compensation on performance of peers and can therefore use peer performance to measure CEO outside opportunities. Once we allow firms to condition CEO compensation on outside opportunities, and once firm performance relative to peers is positively correlated with outside opportunities, the optimal compensation contract includes RPE.
Our findings shed new light on the puzzle of why firms do not use RPE. The talent-retention hypothesis implies RPE is useful when the market for CEO talent exists and is viable and when relative performance captures well the relative talent of the CEO. These requirements are quite restrictive and are not likely to hold across all firms. Indeed, we find that when the market for CEO talent is less efficient, firms refrain from using RPE.
Our results can also provide a new perspective on existing results regarding the use of RPE. For example, Bertrand and Mullainathan (2001) show firms with more inside and grey directors rely less on RPE. They interpret this finding as indicating the lack of RPE is associated with worse boards. However, such board structure is also consistent with the case where insiders on the board compete for a CEO position (Fama (1980) ), a practice more likely to take place when CEO talent is more firm specific.
Our finding that talent-retention considerations influence the use of RPE does not necessarily indicate RPE contracts do not have an incentive role. In fact, CEOs who know better performance implies larger compensation will have incentives to work harder, especially if talent is only partly observed through past performance (Holmstrom (1999) ). Table 1 provides information about the use of RPE in CEO compensation contracts for a sample of 494 S&P500 members in 2007. In Panel A, we report the proportion of firms that grant any type of performancebased awards. Then, we report the proportion of firms relying on RPE among firms that grant performancebased awards. In italics, we provide basic statistics about the weight assigned to performance benchmarking for firms that benchmark firm performance. In Panel B, we compare the proportion of firms relying on rank-based versus distance-based measures when benchmarking performance. In Panel C, we report the proportions of firms relying on specific performance measures when benchmarking performance. In Panel D, we provide basic statistics about the performance horizon when benchmarking performance. 
Table 1 Examination of the Functional Form of RPE in CEO Compensation Contracts
Table 2 Examination of the Choice of Performance Benchmarks and Comparison with the Compensation Benchmark
Panel A reports the proportions of firms relying on different types of performance benchmarks for a sample of 494 S&P500 members in 2007. Panel B reports the number of self-selected peers in performance peer groups and compares it with the set of peers in the compensation peer group. Panel C reports the mean statistics across years. Results in Panels B and C are based on the Incentive Lab database sample from 2006 to 2012. The sample is restricted to firms that disclose both performance and compensation peers (1,251 firm-year observations). # Distinct Peers is the total number of peers across both compensation peers and performance peers, without double counting peers that appear in both groups. # Same Peers is the total number of peers that appear in both groups. Table 4 provides descriptive statistics of the main variables used in this study. The sample is composed of firms in the ExecuComp database. The full sample period is from fiscal year 1992 to fiscal year 2017. Panel A reports the statistics for the pre-disclosure-rules period and Panel B reports them for the full sample period. The sample is restricted to firms where the CEO was in place for at least a full year (i.e., CEO Tenure is greater or equal to 1). LOG_TDC is the natural logarithm of 1 plus CEO total direct compensation. For the post-disclosure-rules period, total direct compensation (TDC1) is adjusted by subtracting the grantdate fair value of stock awarded under plan-based awards (STOCK_AWARDS_FV) and adding the value of restricted shares that vested during the fiscal year (SHRS_VEST_VAL). TSR is the firm's stock return, assuming the dividend payments are reinvested. TSR_IND. is the equal-weighted average TSR of firms that belong to the same industry (using the 2-digit SIC classification), excluding the firm. CDF(TSR) is the rank percentile of CEO performance relative to industry peers (using the 2-digit SIC classification). A higher CDF (TSR) indicates better performance relative to peers. ROA is the ratio of net income to total assets. LOG_AT is the natural logarithm of 1 plus total assets. LOG_CEO_TENURE is the natural logarithm of 1 plus the number of years the CEO has been in position. GA is an index capturing the extent to which the CEO is generalist based on the CEO's past occupations (Custódio et al. (2013) ). CEO_FOUNDER is a dummy variable equal to 1 if the CEO was in place when the company was founded. The proportion of insiders among all new CEOs within an industry is collected from Cremers and Grinstein (2014) for Fama-French 48-industry classification. The NON-COMPETE_ENFORCEABILITY_INDEX is a state-level measure capturing the extent to which non-compete agreements can be enforced (Garmaise (2011) Table 5 shows results of CEO-firm fixed effect regressions. The dependent and explanatory variables are defined in Table 4 . Industry performance is based on 2-digit SIC classification. In the 3-year-performance-horizon specification (i.e., columns (5) to (8)), we restrict the sample to CEOs who are at least in the third year of their contract (i.e., CEO Tenure is greater or equal to 2). The constant term is not reported. Robust standard errors clustered at the firm level are reported in parentheses. ***, **, and * indicate p-values less than 0.01, 0.05, and 0.10, respectively. Table 6 shows results of CEO-firm fixed-effect regressions. The dependent and explanatory variables are defined in Table 4 . Specifications in oddnumbered columns are estimated using the pre-disclosure-rules period (i.e., 1992-2006) , whereas those in even-numbered columns are estimated using the full sample period (i.e., 1992-2017) . Industry performance is based on 2-digit SIC classification. We restrict the sample to CEOs who are at least in the third year of their contract (i.e., CEO Tenure is greater or equal to 2). LOWER_TRANSFERABILITY is a dummy variable equal to 1 in situations when we expect the CEO talent to be less transferable or less likely to be transferred to another company. We classify CEOs as Specialist if their annual generalist index (Custódio et al. (2013) ) is below the median (columns (1) and (2)) or in the first quartile (columns (3) and (4)). We follow Jenter and Lewellen (2015) and classify firms with a CEO of retirement age as firms in which CEO age is between 64 and 66 inclusive. The constant term is not reported, and in columns 1, 2, 3, 4, 7, and 8, the coefficient for LOWER_TRANSFERABILITY is not reported. We also include ROA, LOG_AT and LOG_CEO_TENURE as control variables and interact these variables with LOWER_TRANSFERABILITY (coefficients are not reported). Robust standard errors clustered at the firm level are reported in parentheses. ***, **, and * indicate p-values less than 0.01, 0.05, and 0.10, respectively. Table 7 shows results of CEO-firm fixed-effect regressions. The dependent and explanatory variables are defined in Table 4 . Specifications in oddnumbered columns are estimated using the pre-disclosure-rules period (i.e., 1992-2006) , whereas those in even-numbered columns are estimated using the full sample period (i.e., 1992-2017) . Industry performance is based on 2-digit SIC classification. We restrict the sample to CEOs who are at least in the third year of their contract (i.e., CEO Tenure is greater or equal to 2). LOWER_TRANSFERABILITY is a dummy variable equal to 1 in situations when we expect the CEO talent to be less transferable or less likely to be transferred to another company. Specifically, LOWER_TRANSFERABILITY equals 1 in industries where the market for CEO talent is likely to be more firm specific, such as where the proportion of insiders among all new CEOs (Cremers and Grinstein (2014) ) is in the top quartile (columns (1) and (2)) and when firms are located in states where the non-compete enforceability index (Garmaise (2011) ) is greater than or equal to the median (columns (3) and (4)). The constant term is not reported, and in columns 3, 4, 5, and 6, the coefficient for LOWER_TRANSFERABILITY is not reported. We also include ROA, LOG_AT and LOG_CEO_TENURE as control variables and interact these variables with LOWER_TRANSFERABILITY (coefficients are not reported). Robust standard errors clustered at the firm level are reported in parentheses. ***, **, and * indicate p-values less than 0.01, 0.05, and 0.10, respectively. Table 8 shows results of CEO-firm fixed effect regressions. The dependent and explanatory variables are defined in Table 4 . Specifications in odd number columns are estimated using the pre-disclosure rules period (i.e., 1992-2006) while those in even number columns are estimated using the full sample period (i.e., 1992-2017) . Industry performance is based on 2 digit SIC classification. We restrict the sample to CEOs who are at least in the 3 rd year of their contract (i.e., CEO Tenure is greater or equal to 2). LOWER_TRANSFERABILITY is a dummy variable equals to one in situations when we expect the CEO talent to be less transferable or less likely to be transferred to another company. We classify CEOs as Specialist if their annual generalist index (Custódio et al. (2013) ) is below the median (columns (1) and (2)) or in the first quartile (columns (3) and (4)). We follow Jenter and Lewellen (2015) and classify firms with a CEO of retirement age as firms in which CEO age is between 64 and 66 inclusive. The constant term is not reported, and in column 1, 2, 3, 4, 7 and 8 the coefficient for LOWER_TRANSFERABILITY is not reported. We also include ROA, LOG_AT and LOG_CEO_TENURE as control variables and interact these variables with LOWER_TRANSFERABILITY (coefficients are not reported). Robust standard errors clustered at the firm-level are reported in parentheses. The symbols ***, **, and * indicate that the p-value is less than 0.01, 0.05, and 0.10. Table 9 shows results of CEO-firm fixed effect regressions. The dependent and explanatory variables are defined in Table 4 . Specifications in odd number columns are estimated using the pre-disclosure rules period (i.e., 1992-2006) while those in even number columns are estimated using the full sample period (i.e., 1992-2017) . Industry performance is based on 2 digit SIC classification. We restrict the sample to CEOs who are at least in the 3 rd year of their contract (i.e., CEO Tenure is greater or equal to 2). LOWER_TRANSFERABILITY is a dummy variable equals to one in situations when we expect the CEO talent to be less transferable or less likely to be transferred to another company. Specifically, LOWER_TRANSFERABILITY equals one in industries when the market for CEO talent is likely to be more firm-specific such as where the proportion of insiders among all new CEOs (Cremers and Grinstein (2014) ) is in the top quartile (columns (1) and (2)) and when firms are located in states where the non-compete enforceability index (Garmaise (2011) ) is greater or equal to the median (columns (3) and (4)). The constant term is not reported, and in column 3, 4, 5 and 6 the coefficient for LOWER_TRANSFERABILITY is not reported. We also include ROA, LOG_AT and LOG_CEO_TENURE as control variables and interact these variables with LOWER_TRANSFERABILITY (coefficients are not reported). Robust standard errors clustered at the firm-level are reported in parentheses. The symbols ***, **, and * indicate that the p-value is less than 0.01, 0.05, and 0.10. 
Dependent Variable = LOG_TDC
